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(57) ABSTRACT 

A method for “tagging” proppants so that they can be tracked 
and monitored in a doWnhole environment, based on the use 
of composite proppant compositions comprising a particulate 
substrate coated by a material Whose electromagnetic prop 
erties change at a detectable level under a mechanical stress 
such as the closure stress of a fracture. In another aspect, the 
invention relates to composite proppant compositions com 
prising coatings Whose electromagnetic properties change 
under a mechanical stress such as the closure stress of a 
fracture. The substantially spherical composite proppants 
may comprise a thermoset nanocomposite particulate sub 
strate Where the matrix material comprises a terpolymer of 
styrene, ethylvinylbenZene and divinylbenzene, and carbon 
black particles possessing a length that is less than 0.5 
microns in at least one principal axis direction incorporated as 
a nano?ller; upon Which particulate substrate is placed a 
coating comprising a PZT alloy manifesting a strong piezo 
electric effect or Terfenol-D manifesting giant magnetostric 
tive behavior to provide the ability to track in a doWnhole 
environment. 

32 Claims, No Drawings 
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PROPPANTS COATED BY PIEZOELECTRIC 
OR MAGNETOSTRICTIVE MATERIALS, OR 

BY MIXTURES OR COMBINATIONS 
THEREOF, TO ENABLE THEIR TRACKING 

IN A DOWNHOLE ENVIRONMENT 

This application claims the bene?t of US. Provisional 
Application No. 61/089,179 ?led Aug. 15, 2008. 

FIELD OF THE INVENTION 

The present invention relates to a neW method for “tag 
ging” proppants so that they can be tracked and monitored in 
a doWnhole environment. This method is based on the use of 
neW composite proppant compositions that comprise coat 
ings by materials Whose electromagnetic properties change 
under a mechanical stress such as the closure stress of a 
fracture. These changes of electromagnetic properties are 
detected to track and monitor the locations of the proppants. 

BACKGROUND 

Proppants are solids such as sand, ceramic, polymer, or 
composite particles, that are often used during fracture stimu 
lation to keep a fracture open by resisting the closure stress 
applied by the geological formation above the fracture. 

In many situations, a substantial portion of the proppant 
does not remain in a fracture Where it has been placed but 
instead ?oWs back to the Wellbore, so that it is valuable to be 
able to assess the extent of any ?oWback. Furthermore, a 
knowledge of the locations of the proppant particles can also 
provide valuable information about the fracture geometry. 
The ability to monitor the locations of the proppant particles 
over time after their placement in a doWnhole environment is, 
therefore, a highly desirable objective. Progress toWards the 
attainment of this objective has hitherto been both dif?cult to 
make and limited in its scope. 
US. patent application Ser. No. 12/206,867 teaches a 

method for “tagging” proppants based on the use of neW 
composite proppant compositions containing dispersed ?ll 
ers Whose electromagnetic properties change under a 
mechanical stress such as the closure stress of a fracture, and 
is incorporated in its entirety herein by reference. 

Several additional publications Will be cited and discussed 
brie?y in the paragraphs that folloW. We emphasiZe that We do 
not consider any of these publications to constitute prior art 
for our invention, and that they are being cited and discussed 
as general background information. 

The patent application publication to Huang (U.S. 
20080139419), assigned to Baker Hughes Incorporated, pro 
vides for “Viscosity Enhancers for viscoelastic Surfactant 
Stimulaton Fluids”. Discussed is the addition of pyroelectric 
crystal and/or pieZoelectric crystal particles to an aqueous 
viscoelastic surfactant (VES) ?uid to demonstrate improved, 
enhanced or increased viscosity of the VES ?uid. The viscos 
ity enhancers herein are believed to be particularly useful in 
VES-gelled ?uids used for Well completion or stimulation 
and other uses and applications Where the viscosity of VES 
gelled aqueous ?uids may be increased. The VES-gelled ?u 
ids may further comprise proppants or gravel, if they are 
intended for use as fracturing ?uids or gravel packing ?uids, 
respectively; although such uses do not require that the ?uids 
include proppants or gravel. 

The patent application publication to Marya et al. (US. 
20080149345), assigned to Schlumberger Technology Cor 
poration, provides for “Smart Actuation Materials Triggered 
by Degradation in Oil?eld Environments and Methods of 
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2 
Use”. Disclosed is a material placed in a doWnhole drilling 
environment that is responsive electrically or magnetically to 
said environment. This material can be a proppant. 
The patent application publication to Fripp (U.S. 

20070131424), assigned to Hallibur‘ton Energy Services, pro 
vides for “Proppant for Use in a Subterranean Formation”. 
Disclosed is a proppant composition that can include a layer 
of material able to respond to pressures Within the drilling 
environment. The disclosure states that this can be either an 

electrically responsive or a magnetically responsive sub 
stance. 

The patent application publication to Funk et al. (US. 
20080062036), assigned to Hexion Specialty Chemicals, pro 
vides for “Logging Device With DoWn-Hole Transceiver for 
Operation in Extreme Temperatures”. Disclosed is a method 
for measuring the geometry of a propped fracture in a subter 
ranean environment. Proppants having electrical conductiv 
ity are discussed Wherein said proppants consist of coated 
thermoset polymer particles. The coating can have pieZoelec 
tric properties. The disclosure does not appear to mention 
mechanical stress as being useful for any embodiment of the 
invention that it teaches. 
The patent application publication to Rediger et al. (US. 

20080283243), assigned to Georgia-Paci?c Chemicals, pro 
vides approaches for “Reducing FloW-back in Well Treating 
Materials”. It teaches the placement of magnetic coatings on 
proppant particles to stabiliZe a proppant pack and thus 
reduce particulate ?oWback and ?nes transport. The magnetic 
particles are applied in a poWdered form. They may be 
adhered to a proppant substrate by using various methods. 
Preferred methods include the use of (a) a hot melt (thermo 
plastic) adhesive (possibly comprising a thermoplastic resin 
and/or a Wax poWder), and (b) a phenol-formaldehyde 
novolac resin crosslinked With a hexamine (resulting in a 
thermoset adhesive after crosslinking). 
The patent publication to Ellingsen (U .S. Pat. No. 6,499, 

536), assigned to Eureka OilASA, provides for a “Method to 
Increase the Oil Production from an Oil Reservoir”. A mag 
netic or magnetostrictive material is injected through an oil 
Well into the oil reservoir and then the material is vibrated 
With the aid of an alternating electric ?eld. Oil is then draWn 
from the same reservoir from the same Well in Which the 
magnetic or magnetostrictive material Was injected. The 
vibrations created in the injected material can be changed by 
changing the frequency of the applied electric current passed 
into the reservoir. 
The folloWing tWo books provide general background 

information on pieZoelectric and/ or magneto strictive materi 
als: APC International, Ltd., “Piezoelectric Ceramics: Prin 
ciples and Applications” (2002); and G. Engdahl (editor), 
“Handbook of Giant Magnetostrictive Materials,” Academic 
Press, NeW York (2000). 

SUMMARY OF THE INVENTION 

The present invention relates to a method for “tagging” 
proppants so that they can be tracked and monitored in a 
doWnhole environment. This neW method is based on the use 
of neW composite proppant compositions comprising from 
approximately 0.001% to approximately 75% by volume of a 
coating Whose electromagnetic properties change under a 
mechanical stress such as the closure stress of a fracture. 
These changes of electromagnetic properties are detected by 
means of any suitable technique, to track and monitor the 
locations of the proppants. Suitable techniques include, but 
are not limited to, microseismic monitoring technology. 
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While the particle compositions of the invention Were 
developed With proppant tracking applications speci?cally in 
mind, such particles can also be used bene?cially in many 
other applications by tailoring speci?c embodiments of the 
invention to meet the targeted performance requirements of 
other applications. 
Any suitable material (such as, but not limited to, a sand, a 

ceramic, or a polymer) may be used as a particulate substrate 
in some embodiments of the composite proppant composi 
tions of the invention. In some other embodiments, some of 
the ingredients of a composite proppant of the invention can 
be agglomerated and held together by means of a binder 
material to form a particulate substrate. 

In some embodiments, the composite proppant composi 
tions may include materials manifesting the piezoelectric 
effect or the magnetostrictive effect, Which may be placed on 
these particulate substrates as a coating to serve as “tags” and 
thus enable the tracking of the proppant locations in a doWn 
hole environment. Such a coating Whose electromagnetic 
properties change under a mechanical stress may consist of a 
single layer in some embodiments, While multilayer coatings 
comprising any suitable number of layers (such as, but not 
limited to, 2 layers, 3 layers, 4 layers, or any larger number of 
layers) may be used in other embodiments. 

In some other embodiments, the composite proppant may 
include materials Whose electromagnetic properties change 
under a mechanical stress, such as materials manifesting the 
piezoelectric effect or the magnetostrictive effect, mixed in 
With the particulate substrate. For example, in addition to 
being present as a coating on a particulate substrate, such a 
material may also penetrate into the particulate substrate so 
that there is a penetration depth throughout Which it can be 
found inside the particulate substrate. The material may 
decrease in concentration toWards the interior of the particu 
late substrate. 

In some other embodiments, the composite proppant may 
include mixtures of particulate substrates that are coated on 
the outside With such a material and particulate substrates 
Where such a material is also mixed With the particulate. 
Many methods are knoWn for the placement of a coating on 

a particulate substrate. Any available method for the place 
ment of a coating on a particulate substrate may be used to 
place the coatings on a particulate substrate to prepare 
embodiments of the invention. Such methods include, but are 
not limited to, adhesion of poWders of a coating material to 
the substrate by using a therrnosetting adhesive, adhesion of 
poWders of a coating material to the substrate by using a 
thermoplastic adhesive, a sol-gel process, electrophoretic 
deposition, ?uidized bed coating, spray-coating, or combina 
tions thereof. 

The proppants of the invention may also contain any other 
desired ingredients; including, but not limited to, rigid (me 
chanically reinforcing) ?llers, impact modi?ers, protective 
coatings (distinct from and hence in addition to a coating 
manifesting electromagnetic properties that change under a 
mechanical stress), or mixtures or combinations thereof. 

The imposition of a mechanical stress results in the gen 
eration of an electric ?eld by a piezoelectric material and in 
the generation of a magnetic ?eld by a magneto strictive mate 
rial. A change in the magnitude and/or direction of an 
imposed mechanical stress results in a change in the electric 
?eld generated by a piezoelectric material and a change in the 
magnetic ?eld generated by a magnetostrictive material. The 
factors governing the ability of a material to manifest piezo 
electric or magnetostrictive behavior are Well-established. 
Many materials are knoWn to manifest such behaviors to 
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4 
varying magnitudes. Any of these materials may be used as a 
piezoelectric or magnetostrictive coating in the proppants of 
the invention. 

Strongly piezoelectric and/ or giant magneto strictive mate 
rials are often signi?cantly more expensive than the types of 
materials from Which commercial proppants are generally 
manufactured. There is, therefore, often a signi?cant eco 
nomic advantage to the use of blends of proppants, Where the 
blend includes a quantity of “tagged” proppants that is su?i 
cient to produce a signal of detectable magnitude mixed With 
less expensive “untagged” proppants. The use of “tagged” 
proppants in such proppant blends, at amounts of at least 1% 
by Weight of the blend, is also an aspect of the present inven 
tion. 

DETAILED DESCRIPTION 

Details Will noW be provided on various embodiments of 
the invention. These details Will be provided Without reducing 
the generality of the invention. Many additional embodiments 
fall Within the full scope of the invention as taught in the 
SUMMARY OF THE INVENTION section. 

In one embodiment of the invention, a piezoelectric coat 
ing, a magnetostrictive coating, or mixtures or combinations 
thereof, are placed on a thermoset polymer particulate sub 
strate. In one such embodiment, the thermoset polymer par 
ticles that are used as particulate substrates are prepared via 
suspension polymerization. They are substantially spherical 
in shape; Where a substantially spherical particle is de?ned as 
a particle having a roundness of at least 0.7 and a sphericity of 
at least 0.7, as measured by the use of a Krumbien/Sloss chart 
using the experimental procedure recommended in Intema 
tional Standard ISO 13503-2, “Petroleum and natural gas 
industriesiCompletion ?uids and materialsiPart 2: Mea 
surement of properties of proppants used in hydraulic frac 
turing and gravel-packing operations” (?rst edition, 2006), 
Section 7, for the purposes of this disclosure. The composite 
proppant particles of one embodiment of the invention, Which 
are produced by placing a piezoelectric coating, a magneto 
strictive coating, or mixtures or combinations thereof, on 
such a particulate substrate, are also substantially spherical in 
shape. 

In one embodiment, the thermoset polymer particulate 
substrate includes a terpolymer of styrene (St), ethylvinyl 
benzene (EVB), and divinylbenzene (DVB) (U .S. Applica 
tion No. 20070021309). The extent of crosslinking in these 
embodiments can be adjusted by varying the percentage of 
the crosslinker (DVB) in the reactive precursor mixture and/ 
or by postcuring via heat treatment after polymerization. In 
one such embodiment, the thermoset polymer particulate 
substrate may also contain a dispersed nano?ller, Where, by 
de?nition, a nano?ller possesses at least one principal axis 
dimension Whose length is less than 0.5 microns (500 nanom 
eters). In one embodiment, the dispersed nano?ller may be 
carbon black, as taught in US. Application No. 
20070066491. In another embodiment, the thermoset poly 
mer particulate substrate may also contain an impact modi 
?er, as taught in US. Application No. 20070161515. In some 
embodiments, one or more of the St, EVB and DVB mono 
mers used in the reactive precursor mixture may be replaced 
by reactive ingredients obtained and/or derived from reneW 
able resources such as vegetable oils and/ or animal fats (US. 
Application No. 20070181302). A polymer precursor mix 
ture used in manufacturing said thermoset polymer particu 
late substrate may further comprise additional formulation 
ingredients selected from the group of ingredients consisting 
of initiators, catalysts, inhibitors, dispersants, stabilizers, rhe 
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ology modi?ers, impact modi?ers, buffers, antioxidants, 
defoamers, plasticizers, pigments, ?ame retardants, smoke 
retardants, or mixtures thereof U.S. Application Nos. 
20070021309, 20070066491, 20070161515, and 
20070181302 are incorporated herein in their entirety by 
reference. 
Some embodiments use one or more of piezoelectric and 

magnetostrictive coatings Whose compositions cause them to 
manifest these effects very strongly. The tracking of the 
“tagged” proppant particles by means of a signal that is 
readily distinguished from the background is thus facilitated. 
In such embodiments, the pieZoelectric coatings fall into the 
category of ferroelectric materials; de?ned in terms of being 
spontaneously polariZable and manifesting reversible polar 
iZation, and exempli?ed by pieZoelectric ceramics With the 
perovskite crystallographic structure type such as lead Zir 
conate titanate (PZT) and barium titanate. In other such 
embodiments, magnetostrictive coatings manifest “giant 
magnetostriction”; as exempli?ed by Terfenol-D (a family of 
alloys of terbium, iron and dysprosium), Samfenol (a family 
of alloys of samarium and iron, sometimes also containing 
other elements such as dysprosium), and Galfenol (a family 
of alloys of gallium and iron, sometimes also containing other 
elements). 

Different products in some of the classes of pieZoelectric or 
magneto strictive materials named above manifest very differ 
ent temperature dependences for the electric ?eld or the mag 
netic ?eld generated by an applied stress. One criterion in 
selecting pieZoelectric or magnetostrictive coatings for use in 
the embodiments of the invention is that the temperature 
dependence of the electric ?eld or the magnetic ?eld gener 
ated by an applied stress should be as Weak as possible over a 
doWnhole use temperature range of the proppant. In practice, 
pieZoelectric or magnetostrictive materials that meet this 
requirement generally have (a) a Curie temperature (Tc) that 
is signi?cantly above the maximum temperature that a prop 
pant is expected to encounter during use, and (b) no pro 
nounced secondary structural relaxations occurring betWeen 
the minimum and maximum temperatures that a proppant is 
expected to encounter during use. When a pieZoelectric or 
magnetostrictive coating material satis?es these criteria, the 
generated electric ?eld or magnetic ?eld can often be related 
in a relatively simple manner to the location and amount of the 
proppant particles and to the closure stress Without needing to 
deconvolute the effects of the temperature dependence. 

In some embodiments, the methods for applying a coating 
Whose electromagnetic properties change under a mechanical 
stress to a particulate substrate are the adhesion of poWders of 
a coating material to said substrate by using a thermosetting 
or a thermoplastic adhesive. 

The “untagged” proppants (particulate substrates not 
coated yet by a pieZoelectric or magnetostrictive material) 
that are coated to obtain some embodiments of the invention 
have a true density in the range of 1.00 to 1.11 g/cm3. (For 
simplicity, in all further discussion, the term “density” Will be 
used to represent the “true density”.) Since this range is far 
loWer than the densities of strongly pieZoelectric materials 
such as PZT and giant magnetostrictive materials such as 
Terfenol-D, the density increases as the volume fraction of a 
composite proppant of the invention that is occupied by a 
pieZoelectric or magnetostrictive coating is increased. 

In some embodiments, the amount of a pieZoelectric or 
magnetostrictive coating ranges from 0.01% by volume of a 
coated composite proppant up to a maximum value chosen 
such that a composite proppant comprising said coating has a 
density in the range that is commonly considered to be “light 
Weight” by Workers in the ?eld of the invention (not exceed 
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6 
ing 1.75 g/cm3). In other embodiments, the amount of said 
coating ranges from 0.1% by volume of the coated composite 
proppant up to a maximum value that is chosen such that said 
composite proppant has a density in the range that is com 
monly considered to be “ultralightWeight” by said Workers 
(not exceeding 1.25 g/cm3). 
The maximum volume fraction of a pieZoelectric or mag 

netostrictive coating for Which the density of a coated prop 
pant remains Within the limits of no greater than 1.75 g/cm3 ; 
or no greater than 1.25 g/cm3 , depends strongly on the density 
of the coating material. Consequently, an important general 
principle in the design of the embodiments is that, When 
comparing candidate pieZoelectric or magnetostrictive coat 
ing materials that possess responses of comparable strength 
(and hence of comparable detectability), it is generally desir 
able to select the material of loWest density. 
As a non-limiting illustrative example, consider Frac 

BlackTM (density of roughly 1.054 g/cm3) thermoset nano 
composite beads of the Sun Drilling Products Corporation as 
modi?ed by a coating of Terfenol-D (density of roughly 9.2 
g/cm3). The density of an embodiment of the invention Where 
Terfenol-D is coated on FracBlackTM beads Will reach 1.25 
g/cm3 at a Terfenol-D content of approximately 2.4% by 
volume (approximately 17.7% by Weight) and 1.75 g/cm3 at a 
Terfenol-D content of approximately 8.5% by volume (ap 
proximately 44.8% by Weight). 
A strongly pieZoelectric or giant magnetostrictive coating 

material is often signi?cantly more expensive per unit Weight 
than the proppant Which it Will coat. It should, therefore, be 
obvious that the use of as little of the coating material as 
possible to obtain an unambiguously detectable response 
often has an economic advantage in addition to a technical 
advantage. 
More generally, the density, D, of an embodiment of the 

invention can be estimated via a linear relationship in terms of 
the volume fractions and densities of the components. If the 
volume fraction of the particulate substrate in a coated prop 
pant of the invention is denoted by V”, then the volume 
fraction of the pieZoelectric or magnetostrictive coating 
equalsVc:(1—VM). The relationship is DIDl ><VM+D2><(1—VZ4) 
Where D l is the density of the unmodi?ed material and D2 is 
the density of the pieZoelectric or magneto strictive coating. In 
the speci?c example given above, the calculations Were car 
ried out by using this equation With Dl:1.054 g/cm3, D2:9.2 
g/cm3, and D:1.25 g/cm3 or D:1.75 g/cm3, and solving for 
the value of V”, ?nally to obtain the volume percentage of 
Terfenol-D as 100><(1—VM). 
The thickness of a pieZoelectric or magnetostrictive coat 

ing that increases the density of a composite proppant of the 
invention to the upper limit of 1.75 g/cm3 for some embodi 
ments or to the upper limit of 1.25 g/cm3 for other embodi 
ments increases With the diameter of the uncoated proppant 
(particulate substrate). More speci?cally, the diameter of a 
spherical bead that has a diameter of d before being coated 
increases to (d+2t) after a coating of thickness t is placed on 
it. Since the volume of a sphere is proportional to the cube of 
its diameter, the volume fraction VG of the coating equals 
[(d+2t)3—d3]/(d+2t)3:1—[d/(d+2t)]3. For example, With Frac 
BlackTM beads (density of roughly 1.054 g/cm3) as the par 
ticulate substrate and Terfenol-D (density of roughly 9.2 
g/cm3) as the coating material, a coating volume fraction of 
Vc:0.024 (2.4% coating by volume), and hence a density of 
approximately 1.25 g/cm3, Will be reached With coating 
thicknesses of roughly t:5.75 microns on a bead of d:1.41 
millimeters (U .S. mesh siZe 14) but t:1 .71 microns on a bead 
of d:0.42 millimeters (U .S. mesh siZe 40). 
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What is claimed is: 
1. A method for tracking and monitoring proppants in a 

doWnhole environment, comprising the steps of: 
providing composite proppants, said composite proppants 

comprising a particulate substrate having an external 
surface, and from approximately 0.001% to approxi 
mately 75% by volume of a material having electromag 
netic properties Which change under a mechanical 
stress; 

emplacing said proppants in a fracture in said doWnhole 
environment, Whereupon they become subjected to the 
closure stress of said fracture, resulting in changes of 
electromagnetic properties of said composite proppants; 
and 

measuring changes in said electromagnetic properties of 
the composite proppants to track and monitor the loca 
tions of said composite proppants. 

2. The method of claim 1, Where said composite proppant 
comprises said material having electromagnetic properties 
Which change under a mechanical stress as a coating on the 
external surface of said particulate substrate. 

3. The method of claim 2, Where said coating is applied to 
saidparticulate substrate by a method comprising adhesion of 
poWders of a coating material to said substrate by using a 
thermosetting adhesive, adhesion of poWders of a coating 
material to said substrate by using a thermoplastic adhesive, a 
sol-gel process, electrophoretic deposition, ?uidized bed 
coating, spray-coating, or combinations thereof. 

4. The method of claim 2, Where said coating may consist 
of any suitable number of layers. 

5. The method of claim 2, Where said change of electro 
magnetic properties of the coating under a mechanical stress 
comprises a piezoelectric effect, a magnetostrictive effect, or 
combinations thereof. 

6. The method of claim 5, Where said coating is a ferro 
electric material. 

7. The method of claim 6, Where said ferroelectric material 
is selected from the group consisting of lead zirconate titanate 
(PZT), barium titanate, or mixtures thereof. 

8. The method of claim 5, Where said coating is a giant 
magneto strictive material. 

9. The method of claim 8, Where said giant magnetostric 
tive material is selected from the group consisting of Ter 
fenol-D, Samfenol, Galfenol, or mixtures thereof. 

10. The method of claim 5, Where said coating (a) pos 
ses ses a Curie temperature that is above a maximum tempera 
ture expected to be encountered in a doWnhole environment 
during use, and (b) lacks pronounced secondary structural 
relaxations betWeen a minimum temperature and a maximum 
temperature expected to be encountered in a doWnhole envi 
ronment during use. 

11. The method of claim 5, Where said coating is present on 
said composite proppant at from approximately 0.01% by 
volume up to a maximum volume percentage chosen such 
that the true density of said composite proppant does not 
exceed approximately 1.75 g/cm3. 

12. The method of claim 5, Where said coating is present on 
said composite proppant at from approximately 0.1% by vol 
ume up to a maximum volume percentage chosen such that 
the true density of said composite proppant does not exceed 
approximately 1 .25 g/cm3 . 

13. The method of claim 1, Where said particulate substrate 
is selected from the group consisting of sands, ceramics, 
polymers, agglomerates held together by means of a binder 
material, or mixtures thereof. 

14. The method of claim 1, Where said particulate substrate 
comprises a thermoset polymer. 
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15. The method of claim 14, Where said particulate sub 

strate is manufactured via a suspension polymerizing pro 
cess. 

16. The method of claim 15, further comprising subjecting 
said particulate substrate to heat treatment as a post-polymer 
izing process. 

17. The method of claim 14, Where said particulate sub 
strate is substantially spherical in shape; Where a substantially 
spherical particle is de?ned as a particle having a roundness 
of at least 0.7 and a sphericity of at least 0.7, as measured by 
the use ofa Krumbien/Sloss chart. 

18. The method of claim 14, Where said thermoset polymer 
comprises a terpolymer of styrene, ethylvinylbenzene, and 
divinylbenzene. 

19. The method of claim 18, Where one or more of the 
styrene, ethylvinylbenzene and divinylbenzene molecules 
used in the reactive precursor mixture are replaced by reactive 
ingredients originating from reneWable resources selected 
from the group consisting of vegetable oils, animal fats, or 
mixtures thereof. 

20. The method of claim 14, Where nano?ller particles 
possessing a length that is less than 500 nanometers in at least 
one principal axis direction are dispersed in said thermdset 
polymer. 

21. The method of claim 20, Where said nano?ller com 
prises carbon black. 

22. The method of claim 14, Where a polymer precursor 
mixture used in manufacturing said particulate substrate fur 
ther comprises additional formulation ingredients selected 
from the group of ingredients consisting of initiators, cata 
lysts, inhibitors, dispersants, stabilizers, rheology modi?ers, 
impact modi?ers, buffers, antioxidants, defoamers, plasticiz 
ers, pigments, ?ame retardants, smoke retardants, or mixtures 
thereof. 

23. The method of claim 14, Where said particulate sub 
strate has a true density in the range of 1.00 to 1.11 g/cm3 . 

24. The method of claim 1, Where said composite proppant 
is substantially spherical in shape; Where a substantially 
spherical particle is de?ned as a particle having a roundness 
of at least 0.7 and a sphericity of at least 0.7, as measured by 
the use ofa Krumbien/Sloss chart. 

25. The method of claim 1, Where said technique to track 
and monitor the locations of said proppants comprises 
microseismic monitoring technology. 

26. A method for tracking and monitoring proppants in a 
doWnhole environment, comprising: 

providing a blend of proppants, comprising at least 1% by 
Weight of composite proppants comprising (a) a particu 
late substrate having an external surface and (b) from 
approximately 0.001% to approximately 75% by vol 
ume of a material having electromagnetic properties 
Which change under a mechanical stress; 

emplacing said blend of proppants in a fracture in said 
doWnhole environment, Whereupon said composite 
proppants become subjected to the closure stress of said 
fracture, resulting in changes of electromagnetic prop 
erties of said composite proppants; and 

measuring changes in said electromagnetic properties by 
means of any suitable technique to track and monitor the 
locations of said proppants. 

27. A composite proppant composition, comprising: 
a thermoset particulate substrate, comprising a terpolymer 

of styrene, ethylvinylbenzene, and divinylbenzene; and 
from approximately 0.001% to approximately 75% by vol 
ume of a coating material placed on said thermoset par 
ticulate substrate, Where said coating material is selected 
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from the group consisting of lead Zirconate titanate 
(PZT), barium titanate, Terfenol-D, Samfenol, Galfenol, 
or mixtures thereof. 

28. The composite proppant composition of claim 27, fur 
ther comprising nano?ller particles, possessing a length that 
is less than 500 nanometers in at least one principal axis 
direction, dispersed in said thermoset particulate substrate. 

29. The composite proppant composition of claim 28, 
Where said nano?ller comprises carbon black. 

30. The composite proppant composition of claim 27, 
Where a polymer precursor mixture used in manufacturing 
said thermoset particulate substrate further comprises addi 
tional formulation ingredients selected from the group of 
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ingredients consisting of initiators, catalysts, inhibitors, dis 
persants, stabiliZers, rheology modi?ers, impact modi?ers, 
buffers, antioxidants, defoamers, plasticiZers, pigments, 
?ame retardants, smoke retardants, or mixtures thereof. 

31. The composite proppant composition of claim 27, 
manufactured Via a suspension polymerizing process, and 
optionally subjected to heat treatment as a post-polymerizing 
process. 

32. A blend of proppants, comprising at least 1% by Weight 
10 of the composite proppant of claim 27. 


